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Enclosed are: 

□ Certificate of Mailing with Express Mail Mailing Label No. 
a One(l) sheets of drawings. 

□ A certified copy of a application. 
Declaration SQ Signed. □ Unsigned. 
Power of Attorney 
Information Disclosure Statement 

□ Preliminary Amendment 

Other: PTO-1449 w/13 references 
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BASIC FEE 

| TOTAL FILING FEE 


$690.00 
$690.00 
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□ A check in the amount of to cover the filing fee is enclosed. 

The Commissioner is hereby authorized to charge and credit Deposit Account No 
as described below. A duplicate copy of this sheet is enclosed, 
g) Charge the amount of $690,00 as filing fee. 
H Credit any overpayment. 

m Charge any additional filing fees required under 37 C.F.R. 1 .16 and 1 .17. 
□ Charge the issue fee set in 37 C.F.R. 1 .18 at the mailing of the Notice of Allowance, 
pursuant to 37 C.F.R. 1 .31 1 (b) 
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Dated : September 29, 2000 




Betty A. Winchester 
Authorized Signature for Deposit Account 01-2752 
United States Department of Energy 
202-586-2810 (FAX 202-586-7127) 
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Case S-88,273 



Amy A. EKECHUKWU 



METHOD FOR ELECTROCHEMICAL DECONTAMINATION 

OF RADIOACTIVE METAL 



GOVERNMENT RIGHTS 

The United States Government has rights in this invention 
pursuant the terms of Department of Energy contract number 
DE-AC09-96SR18500 . 



FIELD OF THE INVENTION 

The present invention relates to a method for 
decontamination of radioactive waste, and in particular, a method 
employing an electrolyte for decontamination of metals that have 
been contaminated by exposure to radioactive materials. 
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BACKGROUND OF THE INVENTION 

Nuclear industry equipment and structural materials are 
subjected to radioactive contamination during use* The 
equipment, which is usually constructed from stainless steel or 
5 other metal, must therefore be routinely cleaned or otherwise 
treated to render it safe for further use or disposal. Such 
treatments include scrubbing, washing or abrading of the surface 
of the material in an effort to remove the deposits. 

One such decontamination technology involves immersing the 
jj§ contaminated material in a carbonate solution and subjecting it 

^ to electrolysis sufficient to cause stripping or separating of 

^4 the contaminants from the surface of the metal. Representative 

W examples include the following U.S. patents; U.S. 3,873,362 to 

O Mihram et al . , U.S. 4,217,192 to Lerch et al . , 4,537,666 to 

IS Murray et al . , U.S. 4,663,085 to Edna et al., U.S. 5,102,511 to 

fi Suwa et al., U.S. 5,322,644 to Dunn et al . and U.S. 5,340,505 to 

i. ,2. 

Hanulik et al. 

In each of the above cases, the chemical decontaminate 
comprises various acidic and/or alkaline reagents, with or 

20 without oxidizing agents. In these chemical-only decontamination 

methods, the electrolytic cell is employed solely for the purpose 
of regenerating the decontamination reagent. Accordingly, these 
methods do not teach use of the electrolytic cell as the primary 
mechanism for decontamination. Further, the reagents are in and 

25 of themselves hazardous or dangerous, particularly the acidic 
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reagents. Finally, prior art acidic or alkaline reagents are 
destructive to the metal equipment being treated since they 
invariably erode or etch the surface of the metal during 
treatment . 

5 Other prior art decontamination methods include the 

following: 

U.S. 4,193,853 to Childs et al . teaches a metal 
decontamination system employing an electrolyte comprising 
nitrate salts, borate, fluoride or oxalate individually and at a 
13 basic pH. In a preferred embodiment, the electrolyte contains a 
SJ combination of nitrate, borate, fluoride and oxalate ions and a 

O pH between 7 and 11. 

U.S. 4,481,089 to Izumida et al. teaches a metal 
L decontamination system employing a neutral salt electrolyte with 

j;| an alternating electrolysis method. Contamination is removed by 

applying a current to the electrochemical cell and at programmed 

+* 4 

O intervals the current is reversed thereby causing loosening or 

shaking off of the contaminant from the surface of the metal. 
As is apparent, programmed current fluctuations requires the 

2 0 system be equipped with appropriate controls which adds to the 

cost of the system. 

U.S. 4,481,090 to Childs teaches an improved system wherein 
a more efficient acidic electrolyte, which may include high 
concentrations of nitrate, is substituted for a prior art 

25 alkaline nitrate, borate, fluoride and oxalate electrolyte. 



U.S. 4,615,776 to Sasaki et al ♦ discloses an electrochemical 
metal decontamination method having a highly concentrated 
phosphoric acid solution for the electrolyte. The pH of the 
electrochemical cell is approximately 2. 

U.S. 5,439,562 to Snyder et al . discloses a nickel recovery 
process employing electrochemical metal decontamination and in 
particular method a nickel recovery process directed toward 
removal of actinide radionuclides and technetium. 

U.S. 5,614,077 to Wittle et al . discloses an electrochemical 
decontamination system including a reaction chamber where the pH 
and electrical current may be varied as required to precipitate 
out any radionuclide contamination. There is no disclosure of a 
specific electrolyte nor is contact provided between the anode or 
cathode and the item being decontaminated. 

In view of the above, a need has existed in the art for a 
decontamination method that will not corrode or otherwise damage 
the metal equipment being treated thereby allowing the 
decontaminated equipment to be reused. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for decontaminating radioactive contaminated metal including 
application of a moderately acidic carbonate/bicarbonate 
electrolyte solution adapted to be non-corrosive to the metal 
being decontaminated. 



Another object of the present invention is to provide a 
method for decontaminating metal contaminated by cesium, 
strontium or actinides, such as plutonium and uranium. 

A further object of the present invention is to provide a 
method for decontaminating metal contaminated by radioactive 
materials that are strongly adhered to the surface of the metal 
and therefore cannot otherwise be removed by washing of the metal 
or the like. 

Yet another object of the present invention is to provide a 
method for decontaminating metal that has been contaminated by 
radioactive material wherein following treatment the 
decontaminated metal may be rinsed and then properly disposed of 
or reused* 

Yet another object of the present invention is to provide an 
efficient and economical method for decontaminating radioactive 
scrap metal to thereby reduce the disposal and storage costs 
normally associated with contaminated scrap metal. 

A still further object of the present invention is to 
provide an electrolyte solution for decontaminating radioactive 
contaminated metals wherein following treatment, the electrolyte 
solution may be distilled to remove excess water and the 
remaining volume readily disposed of in an efficient and 
economical manner. 



And another object of the present invention is to provide an 
electrolyte solution adapted to strip off radionuclides that have 
been plated or adhered to the surface of the metal being treated* 

These and other objects are achieved by a decontamination 
method for removing radionuclides plated or otherwise adhered to 
the surface of stainless steel or aluminum materials, the method 
comprising the steps of contacting the metal with a moderately 
acidic carbonate/bicarbonate electrolyte solution containing 
sodium or potassium ions' and thereafter electrolytically removing 
the radionuclides from the surface of the metal whereby 
radionuclides are caused to be stripped off of the material 

without corrosion of or etching to the material surface* 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration showing the separation 
apparatus for use in accordance with the method of the present 
invention* 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method according to the present invention employs an 
acidic carbonate and/or bicarbonate electrolyte solution. The 
electrolyte solution promotes efficient and safe electrochemical 
stripping of radionuclides from the surface of a contaminated 
metal. The method is especially adapted for treatment of 



aluminum or stainless steel materials since they will not be 
damaged during electrolysis* 

In the preferred embodiment, the electrolyte solution is 
moderately acidic i.e. having a pH of about 4, which renders the 

electrolyte uniquely non-corrosive to the stainless steel or 
aluminum metal being decontaminated. The electrolyte solution 
must readily provide the flow of free ions in solution during 
electrolysis sufficient to promote conduction of the applied 
current between the cathode and the anode while at the same time 
remove radionuclides without damage or corrosion to the surface 
of the material being decontaminated. Representative 
electrolyte solutions include, potassium or sodium carbonate 
and/or bicarbonate solutions having a moderately acidic pH of 
about 4 . In embodiments employing carbonate and bicarbonate in 
the electrolyte, the carbonate concentration is preferably about 
2% by weight of the bicarbonate in water. 

Figure 1 is a schematic diagram illustrating a separation 
apparatus A. As is apparent, it is within the scope of the 
present invention to modify the separation apparatus for 
commercial or other specific applications. 

The apparatus A comprises a tank or vessel 2 appropriately 
adapted to receive and retain an electrolyte solution 8 . A DC 
current power source 4 is provided, the power source including 
appropriate controls for regulating current density, voltage and 
the like. The power source 4 is electrically connected to a 



negative electrode or cathode 6 shown disposed in the interior of 
vessel 2 and shown immersed in the electrolyte. The positive 
electrode or anode comprises the object being decontaminated and 
is identified in the drawing as reference numeral 10. The object 
10 is suspended in the tank 2 and electrically connected to the 
power source by appropriate means. The object 10 may comprise 
any of a variety of metals but is preferably constructed from 
stainless steel. Application of the DC current between the 
electrodes causes radionuclides attached to the surface of the 
anode; namely, cesium, strontium and actinides (such as plutonium 
and uranium) to be electrochemically stripped off of the metal 
object and into solution without damaging erosion of the metal 
surface. The decontaminated metal may then be rinsed and 
disposed of or reused, while the electrolyte solution containing 
the removed radionuclides disposed of as liquid waste or further 
distilled to concentrate the radioactive nuclides for further 

treatment or disposal. 

While this invention has a preferred design that has been 
illustrated and described, it will be apparent to those skilled 
in the art that various changes, modifications or adaptations may 
be easily made without deviating from the scope of the invention 
or the limits of the claims appended hereto. 



-9- 



What is claimed is; 



1. A method for removing radionuclides adhered to the 
surface of at least one of stainless steel or aluminum material, 
the method comprising the steps of: 

a) contacting the material with a carbonate/bicarbonate 
electrolyte solution having a pH of about 4, the electrolyte 
solution containing at least one of sodium or potassium ions; and 

b) electrolytically removing the radionuclides from the 

\\ x£ 

!:S surface of the metal whereby radionuclides are caused to be 

4 stripped off of the material without corrosion or etching to the 

Q material surface . 



2. The method for removing radionuclides, as defined in 
claim 1, wherein the carbonate concentration is about 2% by 
weight of the bicarbonate, 

3* The method for removing radionuclides, as defined in 
claim 1, wherein the radionuclides are selected from the group 
consisting of cesium, strontium and actinides . 
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4 . A method for reclaiming radiation contaminated 
equipment constructed from at least one of stainless steel or 
aluminum material, the method comprising the steps of: 

a) providing an electrolytic treatment vessel, the 
treatment vessel including a cathode and an electric current 
power supply for supplying DC current thereto; 

b) providing an electrolytic solution within the treatment 

vessel, the electrolytic solution comprising a 
carbonate/bicarbonate solution having a pH of about 4 and 
containing at least one of sodium or potassium ions; 

c) positioning equipment to be reclaimed in the tank and 
connecting the equipment to the power supply; 

d) selectively applying a DC current between the cathode 
and the equipment for a period of time sufficient to cause 
electrolytic removal of radionuclides from the surface of the 
equipment whereby radionuclides are stripped off of the equipment 
without corrosion or etching to the surface of the equipment; 

e) washing the equipment following electrolysis; and 

f) recovering the electrolytic solution for further 
treatment . 
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5 . The method for reclaiming radiation contaminated 
equipment, as defined in claim 4, further including the step of 
distilling the recovered solution to separate the water from the 
stripped radionuclides. 



6 . The method for reclaiming radiation contaminated 
equipment, as defined in claim 4, wherein the carbonate 
concentration is about 2% by weight of the bicarbonate, 

7 . The method for reclaiming radiation contaminated 
equipment, as defined in claim 4, wherein the radionuclides are 
selected from the group consisting of cesium, strontium and 
actinides. 
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A decontamination method for stripping radionuclides from 
the surface of stainless steel or aluminum material comprising 

the steps of contacting the metal with a moderately acidic 
carbonate/bicarbonate electrolyte solution containing sodium or 
potassium ions and thereafter electrolytically removing the 
radionuclides from the surface of the metal whereby radionuclides 
are caused to be stripped off of the material without corrosion 
or etching of the material surface. 
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FIG. I 
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Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 

METHOD FOR ELECTROCHEMICAL DECONTAMINATION OF RADIOACTIVE METAL 

the specification of which 

i (check one) 

M is attached hereto. 

[J □ was filed on as United States Application No. or PCT International 

i Application Number 

n and was amended on 

(if applicable) 

3 I hereby state that I have reviewed and understand the contents of the above identified specification, 
J including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
1 known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 



□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 



Form PTO-SB-01 (9-95) (Modified) 
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Patent and Trademark Office-US. DEPARTMENT OF COMMERCE 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1 .56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Paul A. Gottlieb, Reg. No. 26733 
William & Moser, Reg. No. 24763 
Robert J. Marchick, Reg. No. 27057 
Michael P. Hoffman, Reg. No. 30183 
Virginia B. Caress, Reg. No. 34062 
John P. Lucas, Reg. No. 36860 
James C. Durkis, Reg. No. 44097 



Send Correspondence to* * >au * ^* Gottlieb, Asst. Gen. Counsel for Tech. Transfer & IntelL Prop. 

GC-62 (MS 6F-067) FORSTL 

1000 Independence Ave., SW 
Washington, DC 20585-0162 

Direct Telephone Calls to: (name and telephone number) 

James C. Durkis (803) 725-2240 



Full name of sole or first inventor 
EKECHUKWU, Amy A. 



Sole first inventor's signature // / // / j ^ ate 





7/6/°o 



Residence 
Augusta, Gedrgia 



Citizenship 
US 



Post Office Address 
410 Waverly Drive 



Augusta, Georgia 30909 



Full name of second inventor, if any 



Second inventor's signature Date 



Residence 



Citizenship 



Post Office Address 
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